A reaction of NH heterocycles with the 10 methylacridinium cation in the presence of a base led to 9,10 dihydro 10 methyl 9 substituted acridines, which can be considered as stable intermediates in the aromatic nucleophilic substitution reaction of hydrogen. The structure of the intermediates was studied and their oxidation potentials were determined. Generally, the oxidation potential was found to symbatically change with the changes in the energy of HOMO.
Classic methods for the functionalization of aromatic rings are based on electrophilic substitution reaction of hydrogen (S E H Ar) and nucleophilic substitution of groups readily leaving as anions (S N ipso Ar). The last decades are marked by the really triumphant development of the tran sition metal catalyzed cross couplings at the C-X bond of arenes (X is the group readily leaving as an anion) with C and heteroatomic nucleophiles (Negishi, Kumada, Su zuki, Buchwald reactions, etc.). At the same time, the contemporary requirements stimulate development of chemical science in agreement with the "green" chemistry principles and elaboration of environmentally friendly pro cesses. 1 In the year 2005, the Green Chemistry Institute (GCI, USA) and global pharmaceutical corporations prioritized directions of the research and development in the field of chemistry. 2 Among other problems, a direct functionalization of the C-H bond in arenes was put on the first place.
One of the atom saving variations of cross coupling, which does not require the use of halides and transition metal catalysis, is the aromatic nucleophilic substitution reaction of hydrogen (S N H ). 3, 4 By the present moment, a vast body of data is accumulated on the S N H coupling reactions leading to the formation of C-C, C-N, C-O, C-P, C-S, C-Si, and C-Hal bonds in various aromatic compounds of both carbo and heterocyclic series. 5- 8 The first step of the S N H reaction includes a nucleophilic at tack of the substrate with the formation of the intermediate  H adduct (Scheme 1). Then follows the step of its arom atization, which is accompanied by the leaving of hydro gen and an electron pair (formally, the hydride ion) by the elimination (AE) or oxidation (AO) S N H mechanism. Rather frequently, the S N H AO reaction is carried out as a three component synthesis, i.e., an oxidant is added to the system simultaneously with the reaction partici pants. Obviously, it is necessary in this case to take into account the susceptibility of the reagents to oxidation: first of all of the nucleophile, and sometimes of the sub strate I, too.
Thus, the choice of a proper oxidant is a crucial factor in accomplishing the S N H conversions. At the present time, there are no clear cut criteria of such choice, there fore, chemists at large are usually governed by their expe rience, intuition, and some empirical rules. 9,10 All of this does not stimulate development of S N H reactions. An ap proach to the rational choice of the oxidation agent can be based on the measurement of oxidation poten tials of  H adducts II and on their structure. The studies of the behavior  H intermediates on the anode is of sepa rate interest as an electrochemical version of S N H re actions.
The choice of the acridinium cation as an object for this study was made based on the fact that it is a conve nient model with only one electrophilic center. Besides, the acridines with substituents at position 9 are of interest because of their biological activity. Acridine derivatives are known to act as antiseptics. 11 In the last years, they were found to exhibit antitumor, 12,13 antiviral, 14,15 anti malarial, 16 antiprionic, 17 and analgesic properties. 18 Mean while, only a limited amount of works are devoted to the synthesis and studies of the properties of  H adducts of acridine with N nucleophiles. Thus, the synthesis of stable  H adducts obtained by the attack of morpholine and pip eridine on the acridinium cation was reported in the work. 19 Besides, the formation of unstable N bound  H ad ducts in the reaction of primary arylamines with 10 meth ylacridinium iodide (1) was detected by NMR and UV spectroscopy. Such adducts were shown to be unstable and to exist only in solutions at reduced temperatures. 20 The only example of this type stable  H adduct, which was characterized by X ray crystallography, was obtained when 1,2,3 benzotriazole was used as the nucleophile. 21 In the present work, we used a wide range of hetero cyclic N nucleophiles for the synthesis of 9,10 dihydro 10 methyl 9 substituted acridines. The reaction of 10 me thylacridinium iodide (1) with NH heterocycles gave the corresponding 9,10 dihydro 10 methyl 9 substituted ac ridines 2-9 in high yields (Scheme 2, Table 1 ). Physical and spectral characteristics of compounds 2 and 7 agree with the corresponding characteristics of compounds de scribed earlier.
19,22
The 1 H NMR spectra of dihydroacridines 2-9 ob tained exhibit signals for the protons of the added hetero cyclic moieties (Table 2) , a singlet for the methyl group in the region  3.39-3.63 and characteristic signals in the region  6.90-7.80 corresponding to the aromatic protons of the acridine framework. The spectra of the N adducts with the aromatic NH heterocycles 2-6 are distinguished by the position of the signal for proton H(9) in the region
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W is electron withdrawing group. A is assisting group.
, (4), (5),  6.7-7.7, whereas for similar C adducts, the signal for this proton is found in the region  5.0-5.5 (see Ref. 23) , while in the case of addition of cycloalkylimines (com pounds 7 and 8), the signal for proton H(9) is in the region  4.64-4.78 (see Table 2 ). The studies of geometric configuration of the geminal center at atom C(9) of the acridine fragment is important for the understanding of the transition state structure of both the addition step and the aromatization of adducts 2-9. Single crystals of compound 3-5, 7, and 8 were studied by X ray cristallography. The principal crystal lographic parameters are given in Table 3 . The molecular structures of compounds and the atom numbering scheme accepted in the structural experiments are given in Fig. 1 . The X ray diffraction analysis data show that the com pounds under study crystallize in the centrosymmetric space groups of symmetry. The molecular packing of the compounds is nonspecific, any essential shortened contacts are absent. As it was already mentioned, the sp 3 hybridized atom at position 9 is the most important structural element of the molecule (in the structural ex periment atom C(7)), which causes a distortion of the acridine system. The conformation of the dihydropyridine ring in compounds under consideration can be character ized as a pseudoboat, with atoms C(7) and N(1) deviating from the plane of the ring and the axial position of the added NH heterocycle. As a result, the dihydropyridine ring experiences a bend along the axis N(1)-C(7), with the dihedral angle between the phenylene rings being able to reach a considerable value (29.67 for compound 7, Table 4 ). The bond distances in the phenylene fragments are generally in good agreement with the standard values, the spread of the corresponding bond distances does not exceed 0.01 Å with respect to the average values. The length of the C(7)-N(2) bond increases in the sequence of com pounds 5 < 8 < 4 < 7 < 3, however, the difference between the maximal and the minimal bond distances is slightly more than 0.02 Å, which does not allow one to consider these changes as significant. At the same time, this value correlates well with the change in the dihedral angle be tween the plane of the N nucleophilic fragment and the plane determined by atoms N(1)C(7)N(2) (see Table 4 ). Especially note that the dihedral angles between the phenylene rings correlate with the measured oxida tion potentials (see Tables 4 and 5 ). Thus, as the distor tion angle of the acridine system increases in the sequence of compounds 5, 3, 4, 7, their oxidation potentials de crease.
The oxidation potentials of 9,10 dihydro 10 methyl 9 substituted acridines 2-9 were determined by cyclic voltammetry (see Table 5 ).
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N (1) subsequent deprotonation and oxidation of radicals C to products D of the S N H reaction (Scheme 3). 24,25 It is obvious that the step of the single electron trans fer initiating this process should correlate with the HOMO energies of dihydroacridines. In fact, the calculations showed that the HOMO energies correlated well enough 14 a Angle  is the deviation of atom C (7) from the plane C(1)C(6)C(8)C (13) . b Angle  is the turn of the plane of N nucleophile with respect to the plane N(1)C(7)N(2). c Angle  is the dihedral angle between the phenylene rings in dihydroacridines. with the oxidation potentials of  H adducts under studies. Quantum chemical calculations of the energies of HOMO, as the orbitals directly "involved" in the oxidation (see Table 5 ), were performed using the GAUSSIAN 09 soft ware. 26 The correlation between the HOMO energy and the oxidation potential (Fig. 2) allows us to draw a con
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clusion that the oxidation potentials of compounds, ex cept 5 and 9, change symbatically with the changes of the HOMO energies. It can be suggested that the development of this ap proach will allow one to use quantum chemical calcula tions for the evaluation of stability of forming  H adducts and their oxidation potentials, that, in turn, will suggest a more rational choice of synthetic methods and selection of oxidants for aromatization.
Experimental
Cyclic voltammograms were recorded on an Autolab PGSTAT128N instrument. The studies were carried out under inert gas argon in anhydrous acetonitrile with the additives of supporting electrolyte Bu 4 NClO 4 (0.1 mol L -1 ) at 17-18 C in a three electrode system. A platinum disk electrode (d = 2 mm) served as a working electrode, a glass graphite rod as a auxiliary electrode, Ag/AgCl was a reference electrode. The scanning rate 100 mV s -1 . The concentration of the samples 10 -3 M. Elemental analysis was performed on a Carlo Erba 1108 auto matic CHNO analyzer. 1 H NMR spectra were obtained on an AVANCE DRX 400 spectrometer (Bruker BioSpin) (solvent DMSO d 6 ), using Me 4 Si as an internal standard.
X ray diffraction studies were performed on a Xcalibur 3 automatic four circle diffractometer, using a standard proce dure (Mo К irradiation, graphite monochromator, 295(2)K, /2 scan technique). The structure was solved and refined using the SHELX software. 27 All the nonhydrogen atoms were refined in anisotropic approximation, some hydrogen atoms were placed into geometrically calculated positions and included into the refinement using the riding model with the dependent isotropic thermal parameters, some atoms (including all the protons at the sp 3 hybridized carbon atom of the dihydroacridine system) were solved and refined independently in isotropic approximation. The final parameters of refinement of the structure and some crystallographic parameters are given in Table 5 . The results of the X ray diffraction analysis were deposited with the Cambridge Structural Database (CCDC 929423, 929424, 929426-929428).
Acridine was commercially available from Aldrich. 10 Me thylacridinium iodide was synthesized according to the known procedure. 28 9,10 Dihydro 10 methyl 9 substituted acridines 2-9 (gen eral procedure). An ethanolic solution (3 mL) of potassium hy droxide (38 mg, 0.685 mmol) and the corresponding NH hetero cycle (0.685 mmol) were added to a suspension of 10 methyl acridinium iodide (1) (200 mg, 0.623 mmol) in ethanol (3 mL). The reaction mixture was stirred at room temperature for 40-50 min, then diluted with water (15 mL). A precipitate formed was filtered off, washed with water, and recrystallized from the corresponding solvent.
